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Abstract 
The characteristic dominance of Acacia tortilis species in the Sahel 
plays a major ecological and economic role for its populations. However, in 
recent years, the high pastoral pressure has compromised the natural 
regeneration of the species and it becomes therefore important to investigate 
the effect of substrate and water stress on the growth of A. tortilis plants in 
nurseries. An experimental design made of 72 seedlings divided into 4 
treatments with different proportions of substrate and watering was put in 
place. During the six months study, 3 seedlings were destroyed every month, 
and growth parameters were measured. These include the height, diameter at 
the collar, pivot length and diameter, number and length of lateral roots, 
number of nodes, number of branches, number of leaves and number of spines. 
Results show that the height, the collar diameter, the pivot diameter, total 
number of roots, number of lateral roots, number of branches, number of 
leaves are significantly different among treatments. The substrate containing 
1/4 manure and 3/4 sand + watering twice a day recorded the best growth 
height (112.1±4.4 cm); number of branches (39.3±24.2); leaf biomass 
(301.67±97.99 g) and total number of roots (34±1.7) after 6 months of follow-
up. The average root pivot length of Tr4 treatment seedlings (115.5±18.2 cm) 
is 4 times greater than their average height during the 6-month follow-up. The 
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average root pivot length of Tr4 treatment seedlings is 4 times greater than 
their average height during the 6-month follow-up.  After 3 months in nursery, 
the substrate containing sand only + watering once a week ensures a good 
development of the rooting root system to young seedlings, allowing them to 
better explore soil horizons. Hence, for a reforestation program, the substrate 
containing sand only + watering once a week is the best suited. 
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1.  Introduction 
Climate aridity combined with anthropogenic factors such as 
agricultural clearing, overgrazing, timber and handicraft stakes, timber service 
and energy, bushfires are causing forest degradation including those of the 
protected area (Boulain, 2004, Sambou, 2004, Ozer and Ozer, 2005, Noumi, 
2010, Vroh Bi Tra et al., 2010, Gonzalez et al., 2012). However, forest 
resources play an extremely important role in the ecological and socio-
economic life of rural populations, particularly in the Sahelian area. Acacia 
tortilis is one of the most currently exploited species in the Sahel and is a 
keystone species in the arid and Saharan areas of Africa (Munzbergova et al., 
2002; Andersen et al., 2007a; Andersen et al., 2007b; Noumi et al, 2012). It 
plays an important role in improving microclimatic factors in its ecosystem 
(Abdallah et al., 2008). The positive impact of the species is mainly due to 
improving soil water and nutrient availability (Bowie et al., 2004; Abdallah et 
al., 2008; Abdallah et al., 2012; Fterich et al., 2012). The species is used in 
human food, traditional pharmacopoeia, livestock feed, energy wood and 
timber (Salif, 2001; Grouzis and Le Floc'h, 2003; CEIBN, 2008). Populations 
exert a high pressure on the species for different categories of uses. One of the 
main threats to the species is breeding of small ruminants. Leaves, branches, 
and fruits are well appetizerd by animals (Grouzis and Le Floc'h, 2003, 
Noumi, 2010). Fruit collection is also a lucrative activity in this area with the 
result that the seminal edaphic bank will impoverish. The species young plants 
are grazed daily by the animals (El Ayadi, 2013). The structure and dynamics 
of the settlement of A. tortilis in the natural environment and developed sites 
are too disturbed (Diouf et al., 2004; Noumi et al., 2010). Throughout the 
Sahelian area, stands of the species are dominated by adult individuals. Young 
plants that can secure the future of the stands are absent and the regeneration 
of the species is compromised (Noumi, 2010). These anthropogenic factors 
are compounded by particularly difficult climatic factors in the Sahelian area 
(Diouf et al., 2013). In this area, the rainy period of the year barely exceeds 3 
to 4 months (Laminou, 2009; CNEDD, 2011). Vegetation is subject to 
permanent stress conditions. Most natural seedlings do not exceed their first 
year. Indeed, A. tortilis spreads its fruits in April, shortly before the rainy 




season (Diouf et al., 2013). They fall to the ground and, as soon as the first 
rains soak up which induces a strong germinative response (Arbonnier, 2004). 
But in the Sahelian area, a month can elapse between the first and second rain, 
with most sprouted seeds withering under water stress (Rabiou et al., 2015). 
Natural stands degradation of A. tortilis reaches the level of irreversibility and 
where natural regeneration cannot lead to restoration, in the medium term, the 
use of so-called rehabilitation techniques becomes a necessity, even a major 
obligation (Benbada, 2013). Thus, the mastery of the regeneration of local 
woody species such as A. tortilis is a prerequisite for sustainable management 
of arid and semi-arid ecosystems in West Africa (Amani et al., 2015). 
Controlling the germination and growth monitoring of nursery plants is 
essential. On the one hand, it ensures better management of the native species 
selection of, given their possible success (drought tolerance) at the improving 
agroforestry systems. On the other hand, it increases the chances of success 
and minimizing the cost of reforestation. In this sense, several works have 
been carried out on other woody species in Niger but there is no significant 
one on A. tortilis. This research is aiming to investigate the nursery growth of 
Acacia tortilis seedlings under different substrate proportions and water stress 
conditions. 
 
2.  Materials and methods 
2.1.  Experimental site and seed treatment 
The tests were conducted in the experimental site of the Faculty of 
Agronomic Sciences of the University of Diffa located at 13°18’43,5’’ N and 
12°35’21,8’’E (Figure 1).  
The pods of Acacia tortilis collected on physically healthy seeds in the 
village of Bitoa in the department of Gouré were unshelled manually. Seeds 
were treated by soaking them in the concentrated sulphuric acid solution 
(95%) and then left for 1 hour. After it, they were washed in a tap water during 
10 - 15 minutes to remove any trace of acid and then placed in petri dishes for 
pre-germination. This operation allows synchronized germination in all pots 
after sowing (Figure 3, 4,5). 
 
2.2.  Experimental design and Data collection 
The experimental design is a total randomization of seventy-two pots 
(72 pots) composed of four (4) blocks and three (3) repetitions (ie 18 pots per 
treatment). The treatments applied are: 
 Treatment 1: substrate containing 1/4 manure and 3/4 sand + 
watering twice a day; 
 Treatment 2: substrate containing 1/4 manure and 3/4 sand + 
watering once a week; 
 Treatment 3: substrate containing sand only + watering twice a day; 
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 Treatment 4: substrate containing sand only + watering once a week. 
 The sowing was carried out on 04 April 2017 in 72 empty bags 65.5 
cm high and 97 cm in diameter to take account of the evolution of the 
root system during the study. To have a synchronized germination in 
all the pots, the seeds were subjected to a pre germination in petri 
dishes in the laboratory. In each pot, five (5) of these seeds have been 
sown but only one plant is left to emergence. The sighting lasted six 
(6) months.  
 
The pots were exposed to sunlight at an average ambient temperature 
of 34.05 ± 4.74 ° C. The frequency of watering was 2 times a day (7:30 a.m. 
and 5 p.m.). Regular watering of the seedlings with 1L of water makes it 
possible to study the amount of biomass produced by the species. On the other 
hand, the water stress applied to the seedlings (1L per week) is used to know 
the degree of resistance of the species once planted on the reforestation sites. 
Weeding was done according to the frequency of appearance of the weeds. 
Each month, three (3) pots of each treatment were destroyed, making 
a total of twelve (12) seedlings. The seedlings were delicately dug up by 
breaking the clod of sand in which they are rooted, using a controlled pressure 
of tap water. For each seedling, the following parameters were measured: the 
height of the seedlings, the diameter at the collar of the stems, the diameter of 
the pivot of the root system, the number of lateral roots, the length of the pivot, 
the length of the lateral roots, the number of branches, number of leaves, 
number of thorns and weight of leaf biomass. 
 
3.  Data processing 
        Statistical analyzes were performed with Minitab 18, R 3.0.3 and 
Xlstat 2018 software. The normality test (Ryan-Joiner test) was performed to 
verify the normal distribution of the data. The test results showed that the data 
does not follow the law of normal distribution. The data were subjected to an 
analysis of variances with the non-parametric Kruskal-Wallis test. An equality 
of variances test was performed with the Levene test. The Excel spreadsheet 
was used to generate the different figures for the evolution of the growth of 
stems and root pivots of seedlings in the nursery. 
 
4.  Results 
4.1  Root stem and pivot development 
After one month of sowing, the height growth of the seedlings is one-
quarter (1/4) of that of the root pivot for all the treatment. The average height 
of seedlings and the length of the root pivot for all treatments is not 
significantly different (P = 0.25). From the second (2nd) month, the seedlings 
of all treatments gradually grow in height and root pivot. By the sixth (6th) 




month, the growth in height is equivalent to that of the root pivot (Table 1). 
Analysis of these results shows that in the first age of life of these seedlings, 
it is rather the aerial part that develops, and the underground part takes over 
from the second month. The average height of the seedlings is significantly 
higher (P = 0.012) on substrate with organic manure (112.1±4.43 cm, 
93.9±2.02cm, 92.76±1.77 cm cm respectively for Tr1, Tr2, Tr3) (Table 3). On 
the other hand, the difference is not significant (P = 0.157) for the root pivot 
growth with the same treatment. But when seedlings are sand-free organic 
manure (Tr4), the growth of the root pivot (115.53±18.17 cm) is about 4 times 
greater than the height growth (31.2±7.19 cm). 
 
4.2.  Number of leaves 
The average number of seedling leaves is significantly different in the 
first three months for any combined treatments (P = 0.01) (Figure 7b).  
In the 1st and 6th month, the seedlings of the T1 and T3 treatments 
(watered seedlings) produce much more thorns and leaves than those of the 
T2 and T4 treatments (seedlings under water stress). The figure 5a illustrates 
the changes in the number of thorns The average number of seedling thorns in 
all treatments is significantly different during the first three (3) months (P = 
0.05). The seedlings of Tr1 and Tr3 treatments (regularly watered plants) have 
many more thorns than those under water stress (Tr2 and Tr4) with respective 
values of 272±241; 107.3±73.8; 68.33±13.65 and 44.7±23.27 in the first 
month and 2300±951; 2299±1094; 1176±817 and 697±301 in the 6th month. 
 
4.3.  Number of branches  
The average production of the branches is significantly different for 
any combined treatments from the 1st to the 5th month (P = 0.05) (Figure 8a). 
Furthermore, treatments (Tr1 and Tr3) whose seedlings are regularly watered 
have many more branches than those under water stress (5.7±5; 2.3±2.1 in the 
first month and 39.3±24.2; 45.7±11 in the 6th month). 
 
4.4.  Roots number  
The number of roots is higher in the tr1 and Tr2 seedlings in the first four 
months (11.7±5.1, respectively; 6.3-6.7 in the 1st month and 34±1.7; 11±8.7 
in the 6th month) (Figure. 8b). The test results show a significant difference for 
the average number of roots in the 1st month and the last three (3) months 
(P˂0.05). From the 4th month, development of the root system of the seedlings 
is observed in the seedlings of treatments regularly watered (Tr1 and Tr3) 
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4.5.  Leaf biomass 
Evaluation of fresh leaf biomass of seedlings showed that Tr1 and Tr3 
treatments produce much more leaf biomass than Tr2 and Tr4 treatments after 
180 days (Figure 9). After 6 months, the average weights of the fresh leaf 
biomass of Tr1, Tr2, Tr3 and Tr4 are 58.33±27.74g, 28.67±18.04g, 48±16.52g 
and 19±10.82g respectively. These differences are also significant (P = 0.05). 
 
4.6.  Relation entre le type de substrat et les paramètres de croissance 
des plantules 
The principal component analysis (PCA) (Figure 10) between the type of 
treatment and the parameters measured shows that the 2 axes concentrate 
95.5% of total variances. The first axis alone concentrates 80% and the second 
axis 15.8%. Axis 1 therefore reflects the opposition that exists between 
treatments sprayed frequently against those subjected to water stress. This axis 
also opposes the measured parameters, opposing the diameter of the pivot, the 
number of branches, the number of leaves, the number of thorns against the 
height of the seedlings, the length of the pivot, the diameter at the collar, the 
total number of roots, the number of lateral roots. Axis 2 pits treatments that 
contain manure against treatments with sand only (without manure). 
 
5.  Discussion 
Study of the juvenile growth of A. tortilis showed that the species has 
a rhythmic growth. It highlighted the growth of the aerial part and root system 
of the species. In case of water deficit, the roots synthesize the abscisic acid, 
conveyed via the conductive vessels to trigger the closure of the stomata 
(Anonymous, 2009). This leads to a dysfunction of photosynthesis, and 
therefore a decrease in the production of dry matter in the species. Results 
show that water stress influences the evolution of the number of leaves, 
branches, thorns and roots. The effect of substrate fertility on the growth of 
the species has also been highlighted through the sand and manure mixture. 
This mixture leads to the formation of aggregates which in turn improve the 
structure, water retention and availability of nutrients for young seedlings.  
Results show that the fertility of the substrate has no effect on the 
evolution of the number of leaves, branches, and thorns of A. tortilis. On the 
other hand, growth in height (stem) and length of the root system (root pivot) 
was recorded in the species because of substrate fertility (Tr1 and Tr2). Results 
showed that stem and root pivot growth of the species is dependent on the 
fertility of the substrate. When it comes to watering, it provides water to keep 
the A. tortilis seedlings turgescence at the leaf level in case of soil drying. 
Water also transports nutrients as liquid solution stored in vacuoles. By 
inflating the cells, the pressure of the water ensures the rigidity of the stems 
and leaves. Regularly watered seedlings produce more leaves and thorns than 




those under water stress since organic matter is synthesized by leaves and 
stored in thorns and fruits.  
After four (4) months, the density of the species' root system gradually 
increases at the level of the watered seedlings (Tr1 and Tr2). The substrate 
composed of sand and well-decomposed manure watered twice a day (Tr1) is 
conducive to the growth of A. tortilis seedlings with a high average height and 
a high number of branches). The explanation lies in the fact that the mixture 
of sand and manure ensures the availability of nutrients and good water 
retention. These results corroborate those obtained by Abdourahamane et al. 
(2014) on Sclerocarya birrea in Niger; Benmahioul et al. (2010) on seedlings 
from Pistacia vera L in Algeria; Baghdadi and Sahouli (2003) on Pistacia 
atlantica plants in Algeria. This average value of the recorded height is higher 
than that found by Roussel (1995). The Tr1 treatment has consequences on the 
architecture of the root system of the species. According to Vassal (2003), the 
rotating root system is often particularly developed in depth in Acacia. The 
Tr1 treatment combines all the necessary conditions (water, nutrients) for the 
proper development of seedlings. Consequently, high leaf gas exchanges 
(perspiration, photosynthesis) with a good water supply correspond to a 
relative equilibrium (Kane et al.,1997). These results corroborate those 
obtained in adult subjects of Balanites aegyptiaca in the wild in Senegal (Bille, 
1977), Acacia tortilis in Burkina Faso (Ganaba, 1994) and young plants of 
Balanites aegyptiaca and A. tortilis in Senegal (Logbo et al., 2013). The root 
development of A. tortilis plants occurs within the first month at the expense 
of the aerial part regardless of the type of treatment. Seven of these results do 
not support those findings by Jackson et al. (2000) which claim that the 
relative importance of the roots depends on the nature and edaphic properties 
of the site.  
After 90 days in the nursery under water stress, A. tortilis can develop 
a root system (root pivot) capable of prospecting the horizons of the soil in 
case of planting in natural conditions. The use of this species in reforestation 
programs could allow sustainable reforestation of natural rangelands, forests, 
and dune systems in the Diffa region. However, for the success of reforestation 
actions with this species, local populations have to be associated in the 
protection of the young plants from domestic animals pressure. 
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Figure 1: Experimental site location 
 
Figure 2 : Ombrothermal curve of the study area 
 
 








Figure 3: Growth of the seedling of A. tortilis: a: Pregermination of the seed; b: 1 day after 
sowing; c: 2 days after sowing; d: 5 days after sowing; e: 10 days after sowing; f: 6 months 






















Figure 5: Digging up seedlings in nurseries 
Figure 6: Evolution of the root stem and pivot of seedling 




Figure 7: a : Number of spines ; b :Number of leaves 
 Figure 8: a : Number of branches ; b :Number of roots 
 
Figure 9 : Fresh biomass 
 




Figure 10: Principal Component Analysis (PCA) Double Projection Diagram 
Legend: H: Height; LP: Lenght of pivot; DC: Diameter at collar; PD: Pivot diameter; TNR: 
Total number of roots; NSR: Number of side roots; NS: Number of spines; NB: Number of 
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Table 1. Average values of measured parameters 
Variable 






















Tr1  8.9±2.7a 31 27.1±2.7a 9.9 45.1±2.1a 4.7 63.2±4a 6.3 84.3±14.8a 17.6 112.1±4.4a 4 
Tr2  8.1±2.2a 10.1 21.4±2.2b 33.2 42.5±3.5a 8.2 56.9±6.6b 11.6 77.4±6.9b 8.9 93.9±2b 2.2 
Tr3  7.6±2a 26.7 19.1±8.1c 42.1 32.4±9.1b 28.2 53.4±0.9c 1.6 71.6±8b 11.1 92.8±1.8b 1.9 
Tr4  5.7±1.6a 9.6 11.6±3.2d 27.5 16.3±2.2c 38.5 20.4±3.6d 17.7 24.6±1.8c 7.2 31.2±7.2c 23.1 
LP 
Tr1  34.2±4.7b 13.7 52±1.8b 3.4 66.8±6b 9 84.8±4.5a 5.3 94.2±12.6b 13.4 129.7±5a 3.9 
Tr2  30.6±4.8c 15.6 39.9±13.4d 33.5 59.5±3.7c 6.3 80.9±4.1b 5.1 96.7±16a 16.6 123.3±13.7a 11.1 
Tr3  24.3±1.8d 7.4 48.7±10.3c 21.1 63±2.1b 3.3 70.9±12c 16.8 84.5±3c 3.6 100.3±3.4c 3.4 
Tr4  54.5±1.7a 3.2 63.5±4.1a 6.4 71.6±15.2a 21.2 82.5±2.3b 2.8 99.2±20.2a 20.4 115.5±18.2b 15.7 
DC 
Tr1  0.5±0.3a 54.9 0.4±0.2a 38.8 0.6±0.4a 62.8 0.7±0.1a 19.2 1±0.2a 19.8 1.3±0.3a 20.2 
Tr2  0.3±0.1b 28.9 0.2±0b 19.4 0.43±0.2b 34.6 0.6±0a 5.6 0.6±0.2a 25.8 0.9±0.2a 21.6 
Tr3  0.3±0.1b 40.1 0.3±0.1a 30.6 0.45±0b 7 0.6±0.2a 26.6 0.6±0.2a 42.2 1.2±0.2a 18.6 
Tr4  0.3±0c 12.1 0.2±0b 11.8 0.16±0c 15.9 0.6±0.2a 30.3 0.6±0.2a 37.4 0.7±0.1a 7.8 
PD 
Tr1  0.4±0.3a 78 0.3±0.2a 47.7 0.6±0.3a 57.5 0.7±0.1a 12.8 1.1±0.3a 24.6 1.3±0.3a 18.9 
Tr2  0.2±0.1b 38 0.16±0.1a 44.7 0.4±0.2b 36.2 0.6±0a 2.4 0.7±0.1a 17.2 0.9±0.4a 39.4 
Tr3  0.2±0.1b 46.8 0.16±0a 17.1 0.4±0b 2.7 0.6±0.2a 28.2 0.6±0.3a 42.7 1.3±0.1a 5.7 
Tr4  0.4±0c 9.6 0.24±0a 13.6 0.3±0.2b 73.6 0.3±0.1b 15.8 0.6±0.3a 42.8 0.4±0.1a 23.2 
TNR 
Tr1  11.7±5.1a 44 12±4.4a 36.3 14.3±9.9a 68.8 15.7±6.1a 39 23±13a 56.5 34±1.7a 5.1 
Tr2  6.3±6.7b 105.1 6.3±4.5b 71.2 7±2b 28.6 8±5.3b 66.1 8.3±8.4c 100.6 11±8.7b 78.7 
Tr3  2±1d 50 4±3c 75 6±1.7c 28.9 6.7±2.9c 43.3 11.7±4.7b 40.5 12.7±1.5b 12.1 
Tr4  2.7±0.6c 21.7 3±1.7c 57.7 5±1c 20 5.7±5.7c 100.4 5.7±0.6d 10.2 6±2c 33.3 
NSR 
Tr1  8.7±5.5a 63.6 13.3±9.9a 74 16±4a 25 15±2.7a 17.6 22±13a 59.1 25±13.1a 52.3 
Tr2  5.3±6.7b 124.8 5.7±5b 88.8 6±2b 33.3 6.7±4.9b 74 7.3±8.4c 114.4 10±8.7c 86.6 
Tr3  1±1d 100 3±3c 100 5±1.7b 34.6 5.7±2.9b 50.9 11±4.6b 41.7 11.7±1.5a 13.1 
Tr4  1.7±0.6c 34.6 2±1.73c 86.6 4±1c 25 4.7±5.7c 121.9 4.7±0.6d 12.4 5±2d 40 
NS 
Tr1  559±696a 124.6 272±241a 88.7 889±694a 78.1 825±350a 42.4 2309±1266a 54.8 2300±951a 41.3 
Tr2  68.3±13.7d 20 56±21.2c 37.8 222.7±119.4c 53.6 604±180b 29.7 540±387d 71.8 1176±817b 69.5 
Tr3  107.3±73.8c 68.8 98.3±69.4b 70.6 327.3±89.2b 27.3 467.3±169.4c 36.3 1194±638b 53.5 2299±1094a 47.6 
Tr4  154±72.6b 47.1 44.7±23.7d 53 24±6c 25 380±263d 69.1 786±520c 66.2 697±301c 43.2 
NB 
Tr1  5.7±5a 88.8 11.7±12.2a 104.7 12.7±8.5a 67.1 16.7±9.1a 54.4 36±33.2a 92.2 39.3±24.2b 61.6 
Tr2  0.3±0.6c 173.2 0.7±1.2c 173.2 6±6.6c 109.3 6.67±9.1c 136.1 10±10.6c 105.8 21.3±12.3c 57.9 
Tr3  2.3±2.1b 89.2 4.3±7.5b 173.2 7.7±2.1b 27.2 9.3±3.8b 40.6 18.7±2.3b 12.4 45.7±11a 24.1 
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Tr4  0d - 0.3±0.6c 173.2 1±1d 100 6.3±4.2c 65.7 16.7±12.7b 76 17±17.1d 100.4 
NL 
Tr1  208.7±164.6a 78.9 532±301a 56.5 617±832a 134.9 737±415a 56.3 1022±89.4a 8.7 1359±180a 13.2 
Tr2  74.7±19c 25.3 78.3±50c 63.5 241±145c 60.2 449±383b 85.4 463±291c 62.9 726±549b 75.6 
Tr3  121±88.1b 72.8 126.7±101b 79.7 260.3±46.2b 17.8 427±177c 41.5 748±266b 35.6 1595±260a 16.3 
Tr4  25.7±11.6d 45.2 39.67±12.7d 31.9 97.7±29d 29.7 420±346c 82.4 534±435c 81.3 661±345b 52.3 
Legend : H : Height ; LP : Lenght of pivot ; DC :Diameter at collar ; PD : Pivot diameter  ; TNR : Total number of roots ; NSR :Number of side 
roots ; NS :Number of spines ; NB :Number of branches ; NL :Number of leaves ; Tr1 :substrate containing 1/4 manure and 3/4 sand + watering 
twice a day ; Tr2 :substrate containing 1/4 manure and 3/4 sand + watering once a week ; Tr3 :substrate containing sand only + watering twice a 
day ; Tr4 :substrate containing sand only + watering once a week ; A :Average ; CV : Coefficient of variation. 
 
Table 2. Results of Kruskal-Wallis test on measured parameters 
Months  Treatments   H   LP   DC   PD   TNR   NSR   NS   NB   NL   
  N M V Z M V Z M V Z M V Z M V Z M V Z M V Z M V Z M V Z 
1 
Tr1 3 10.3 -1.01 35 -0.29 0.39 1.3 0.29 -0.29 19 1.8 18 1.8 176 1.88 9 1.52 139 2.02 
Tr2 3 20.8 2.6 32 -1.15 0.21 -1.73 0.15 -2.02 10 0.72 9 0.72 62 -1.59 0 -1.66 68 -0.58 
Tr3 3 7.9 -1.8 24.5 -2.45 0.32 -1.15 0.29 -1.15 2 -1.59 1 -1.59 126 -0.51 3 -0.36 155 0.58 
Tr4 3 16 1.3 53.6 1.3 0.3 -1.01 0.41 0.87 3 -0.72 2 -0.72 180 1.15 1 -1.23 104 0.14 
P value   0.025*   0.013*   0.025*   0.034*   0.227   0.227   0.146   0.094   0.109   
2 
Tr1 3 26.3 2.31 52.5 -1.15 0.32 0.87 0.27 0.87 13 2.02 6 1.73 166 2.31 5 1.44 137 2.17 
Tr2 3 7.1 -1.73 36.5 -1.88 0.19 -2.02 0.15 -1.73 3 -0.65 2 -0.65 48 -0.65 0 -1.3 58 0.36 
Tr3 3 19.5 1.3 53.1 -0.87 0.28 -0.29 0.16 -1.88 5 0.29 4 0.43 66 0.58 0 -0.29 84 1.15 
Tr4 3 10.7 -0.29 65.7 1.88 0.23 -1.15 0.25 0.14 4 -0.87 3 -0.72 32 -1.73 0 -1.3 42 -1.52 
P value   0.039*   0.032*   0.033*   0.024*   0.301   0.422   0.112   0.161   0.032*   
3 
Tr1 3 45 2.31 67.3 1.3 0.42 0.07 0.47 0 17 2.17 16 2.6 850 2.02 16 1.44 956 2.17 
Tr2 3 41 1.59 60 -1.2 0.35 -0.4 0.33 -0.9 6 0.07 5 -0.1 178 0.43 5 0 183 0.58 
Tr3 3 36 0 63.5 0.43 0.45 0.36 0.44 -0.1 5 0.36 4 0.22 334 1.44 11 1.08 286 1.15 
Tr4 3 6.3 -2.3 66.1 1.08 0.17 -2.6 0.42 -1.6 4 -1.7 3 -1.7 24 -2.6 0 -2.4 20 -1.6 
P value   0.014*   0.225   0.025*   0.09   0.141   0.068   0.019*   0.115   0.023*   
4 Tr1 3 62 2.31 87.1 0.87 0.76 0.58 0.66 0.58 14 1.37 14 2.02 952 1.73 13 1.23 595 1.15 




Legend: H : Height ; LP : Lenght of pivot ; DC :Diameter at collar ; PD : Pivot diameter  ; TNR : Total number of roots ; NSR :Number of side 
roots ; NS :Number of spines ; NB :Number of branches ; NL :Number of leaves 
* Significant probability at the threshold of α≤0.05. 
 
Table 3. Comparaison of the average measured parameters (Levene Test) 
Significant probabilities: *P <0.05. **P <0.01 and ***P <0.001. 
Tr2 3 55.6 1.15 80.6 -0.3 0.59 -0.9 0.6 0 4 -0.4 3 -0.6 534 1.15 6 -0.7 456 0.43 
Tr3 3 53.8 0.43 65.8 -1.7 0.55 -1.3 0.56 -0.6 4 -1.5 3 -1.6 410 -0.3 7 -0.9 348 0.43 
Tr4 3 19.2 -1.6 82.1 0 0.61 -1 0.3 -2.6 5 -1 4 -1 368 -1 5 -1.4 380 0.29 
P value   0.019*   0.388   0.075   0.023*   0.172   0.112   0.173   0.183   0.223   
5 
Tr1 3 88 1.88 92.6 -0.5 0.99 1.15 1 1.3 35 2.6 31 1.8 2388 2.02 29 2.31 976 2.31 
Tr2 3 75.8 1.3 92 0 0.74 -0.4 0.7 -0.7 16 -0.4 15 0 462 -1.3 3 -1.8 364 -0.9 
Tr3 3 72 0.72 83 -2 0.5 -1.9 0.48 -1.7 10 0 10 0.22 1365 1.01 20 0.22 695 0.87 
Tr4 3 24.8 -1.9 90.3 0.43 0.54 -1.4 0.6 -1.4 6 -2 5 -2 1068 -0.3 12 -0.5 570 -0.6 
P value   0.031*   0.154   0.025*   0.024*   0.062   0.2   0.127   0.126   0.087   
6 
Tr1 3 114 2.6 128 1.73 1.3 0.87 1.37 0.58 16 2.6 15 2.6 2352 1.59 40 0.58 1386 1.44 
Tr2 3 93.5 0.87 125 0.72 0.99 -1.6 1.06 -1 7 -1.4 6 -1.4 1644 -0.3 18 -0.3 747 -0.6 
Tr3 3 92.4 0.43 101 -2.2 1.08 0.43 1.3 0.29 13 1.08 12 1.08 1825 1.73 51 1.88 1563 2.31 
Tr4 3 27.3 -1.3 123 -0.3 0.7 -2.3 0.42 -2.5 6 -2.2 5 -2.2 640 -1.3 12 -1.2 775 -0.6 
P value   0.012*   0.157   0.014*   0.023*   0.017*   0.017*   0.083   0.284   0.018*   
 Months 1 2 3 4 5 6 
Variables DDL1 DDL2 F value Pr(>F) F value Pr(>F) F value Pr(>F) F value Pr(>F) F value Pr(>F) F value Pr(>F) 
Height 4 10 0.4533 0.768 1.7444 0.217 3.7458 0.041* 2.0123 0.169 3.5375 0.048* 4.233 0.029* 
Length of the pivot 4 10 1.5372 0.264 4.5373 0.024* 2.5544 0.104 4.4324 0.026* 3.4102 0.053 3.7085 0.042* 
Diameter at collar 4 10 9.2881 0.002* 5.5588 0.013* 10.849 0.001*** 3.5201 0.048* 2.4421 0.115 2.9717 0.073 
Pivot diameter 4 10 15.688 ˂0.001*** 3.0234 0.071 4.9 0.019* 4.6666 0.022* 0.7988 0.553 2.3349 0.12 
Total number of roots 4 10 6.3501 0.008* 3.1972 0.062 1.2121 0.365 4.6207 0.023* 4.1897 0.030* 10.79 0.001*** 
Number of sideroots 4 10 6.6417 0.007* 3.685 0.043* 0.7845 0.561 5.2324 0.015* 5.3546 0.014* 10.79 0.001*** 
Number of spines 4 10 13.331 ˂0.001*** 9.8359 0.002* 3.9284 0.036* 1.6148 0.245 1.5949 0.25 2.4666 0.112 
Number of branches 4 10 6.074 0.009** 5.7414 0.012* 5.0833 0.017* 5.1063 0.017* 5.166 0.016* 2.0661 0.16 
Number of leaves 4 10 14.476 ˂0.001*** 7.5376 0.005** 11.586 ˂0.001*** 0.7957 0.554 1.8614 0.194 2.01 0.169 
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